SECTION 6
WASTEWATER TREATMENT TECHNOLOGIES

This section describesthe technol ogies avail able for the treatment of wastewater generated by the
55 commercid facilities within the Commercia Hazardous Waste Combustor (CHWC) Industry. This
sectiona so presentsan eva uation of performancedataon trestment systemscollected by EPA during field
sampling programs and the rationae used in the development of the regulatory options. Specifically,
Section 6.1 describes the technologies used by CHWC facilities to treat air pollution control, flue gas
guench, and ash/dlag quench wastewaters, which are the only types of wastewater covered by this
regulation. Section 6.2 describes technologies used by CHWC fecilitiesfor the treatment of wastewater
generated as aresult of CHWC operations (e.g., container wash water and truck wash water) for which
EPA isnot proposingregulations. Section 6.3 liststechnologiesused by CHWC facilitiesfor thetreatment
of wastewater generated asaresult of other operationson-site (e.g., landfill leachate and sanitary water).
Section 6.4 presentsthe EPA performance dataon sel ected treatment technologiesaswell astherationae
used in selecting the treatment technologies for the regulatory options.

Of the 55 CHWC facilities, 16 facilities generate no wastewater. A breakdown of the types of

wastewaters collected at the remaining 39 CHWC facilities which generate wastewater is as follows:

Type of wastewater collected Number of CHWC facilities
CHWC wastewaters only 8
(air pollution control, ash/slag quench, flue gas quench)
Wastewaters generated from CHWC operations only 7
(container, area, and truck wash waters)
Other on-site wastewaters only 9

(sanitary wastewater, leachates)
CHWC wastewaters and wastewaters generated from

CHWC operations 13
CHWC wastewaters, wastewaters generated from CHWC

operations, and other on-site wastewaters 1
Wastewaters generated from CHWC operations and other on-site

wastewaters 3

As demongtrated above, only 22 of the 55 CHWC facilities generate CHWC wastewaters and

therefore, were considered to be within the scope of this regulation.
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6.1 AVAILABLE BAT AND PSESTECHNOLOGIES

CHWC facilities use either physical/chemica treatment technology to treat CHWC wastewaters
or treatment and disposal methods that result in no discharge of CHWC wastewaters.

Through its CWA Section 308 Questionnaire, EPA obtained information on nine different
wastewater treatment technologies currently in use by the 22 CHWC facilities for the treatment of air
pollution control, flue gas quench, and ash/dag quench wastewater. I1n addition, EPA collected other
detailedinformation onavail abletechnol ogiesfrom engineering plant viststoanumber of CHWCfacilities.

The data presented in Section 6.4 are based on these data collection activities.

6.1.1 Physical/Chemical Treatment

6.1.11 Equalization

Wastewater generation rates at incinerators are sometimesvariable dueto variationsin burn rates
and system down times. To alow for the equalization of pollutant loadings and flow rates, CHWC
wastewatersmay be collectedintanksor lined pondsprior to trestment. Thesearedesigned with sufficient
capacity to hold the peak flows and thus dampen the variation in hydraulic and pollutant loads.
Minimizationof thisvariability increasesthe performanceand reliability of downstream trestment systems,
and can reduce the size of subsequent treatment by reducing the maximum flow rates and concentrations
of pollutantsthat they will experience. Equalization alsolowerstheoperating costs of associated treatment
units by reducing instantaneous treatment capacity demand and by optimizing the amount of treatment
chemicasrequired for aless erratic st of treatment variables. The EPA's Section 308 Questionnaire
database identifies 10 facilities that use equalization technology as part of their treatment of CHWC
wastewaters.

Equalizationsystemscons st of stedl or fiberglasshol dingtanksor lined pondsthat providesufficient
capacity to contain peak flow conditions and wastewater volumes of high pollutant loadings. Detention
times can vary from afew hoursto severd days, with one day being atypica vadue. Some equdization



systems contain mechanical mixing systems that enhance the equalization process. A breakdown of

equalization systems used is as follows:

Equalization Type Number of Units
Unstirred 7
Mechanicdly stirred 2

A typica equalization system is shown in Figure 6-1.

6.1.1.2 Neutralization or pH Control

In the treatment of CHWC wastewaters, neutralization or pH control systems are used in
conjunctionwith certain chemical trestment processes, such as chemical precipitation, to adjust the pH of
the wastewater to optimize process control. Acids, such assulfuric acid or hydrochloric acid, are added
to reduce pH, wheress, alkalis, such as sodium hydroxides, are added to raise pH vaues. Neutrdization
may be performed in a holding tank, rapid mix tank, or an equdization tank. Neutrdization sysemsare
widdy used & CHWC facilitiesfor pH control in chemical precipitation systems. Chemicals, such as
sodium hydroxide or lime, are frequently used in order to raise the pH of the wastewater to arange
somewhere between 9 to 12 in order to optimize precipitation of metal compounds. Acids, such as
hydrochloricacid, area sousedinconjunctionwithferricchloridefor chemica precipitation. Neutrdization
sysems at the end of atreatment system are typically designed to control the pH of the discharge to
between 6 and 9. Thereare 14neutralization systemsin place among the CHWC facilitiesthat use various
caustic and/or dkaisto treat CHWC wastewaters. A breakdown of these neutralization systemsis as

follows:
Type of Neutralization Number of Units
Caustic 4
Acid 2
Multiple Chemicals 5
Other 1

Figure 6-2 presents a flow diagram for atypical neutralization system.
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6.1.1.3 Flocculation

Flocculation is atreatment technology used to enhance sedimentation or filtration treatment.
Flocculation precedes these processes and consists usually of arapid mix tank, or in-line mixer and a
flocculationtank. Thewaste streamisinitialy mixed while aflocculation chemica isadded. Focculants
adhere readily to suspended solids and each other to facilitate gravity sedimentation or filtration.
Coagulantscanbe added to reducethe  ectrostati ¢ surface charges and enhance theformation of complex
hydrousoxides. Coagulation alowsfor theformation of larger, heavier particles, or flocculants(whichare
usudly formed in aflocculation chamber), that can settle faster. There are three different types of
flocculantscommonly used; inorgani cel ectrol ytes, natura organicpolymers, and syntheticpolyel ectrol ytes.
The selection of the specifictreatment chemical ishighly dependent upon the characteristicsand chemica
properties of thecontaminants. A rapid mix tank isusualy designed for adetention timeranging from 15
secondsto several minutes. After mixing, the coagulated wastewater flows to aflocculation basin where
dow mixingof thewasteoccurs. Thedow mixingalowsfor theparticlesto agglomerateinto heavier, more
stlegble solids. Mixing is provided either by mechanica paddie mixers or by diffused air. Flocculaion
basins are typicaly designed for adetention time of 15 to 60 minutes. There are 5 flocculation systems
used among the CHWC facilities used to treat CHWC wastewaters.

6.1.1.4 Gravity-Assisted Separation

Gravity-asssted separation isasmple, economical, and widely used method for the treatment of
CHWC wagtewaters. There are 12 such systemsin place at the CHWC facilities. Clarification systems
remove suspended matter by alowing thewastewater to become quiescent. Asaresult, suspended matter,
whichisheavier than water, settlesto the bottom, forming a dudge which can beremoved. This process
may take placein specialy designed tanks, or in earthen pondsandbasins. Sedimentation unitsat CHWC
fadlitiesaretypicaly used asether primary trestment options to remove suspended solids or following a

chemical precipitation process.



Clarifiersmay berectangular, square, or circular in shape. Inrectangular tanks, wastewater flows
fromone end of thetank to the other with settled dudge collected into ahopper located at one end of the
tank. Incircular tanks, flow enters from the center and flows towards the outside edge with sludge
collected in acenter hopper. Treated wastewater exitsthe clarifier by flowing over awelr located &t the
top of the clarifier. Sludge which accumulatesin the bottom of the clarifiersis periodically removed and
istypically stabilized and/or dewatered prior to disposal.

Hocculation systems are commonly usedin conjunction with gravity assisted clarification systems
in order to improve their solids remova efficiency. Some clarifiers are designed with a center well to
introduce flocculants and allow for coagulation in order to improveremova efficiencies. A schematic of a
typicd clarification system using coagulation and flocculation is shown in Figure 6-3. The main design
parametersusedin designing aclarifier arethe overflow rate, detentiontime and the sidewater depth. The
overflow rate isthe measure of the flow as afunction of the surface area of the clarifier. Typica design

parameters used for both primary and secondary clarifiers are presented below:

Design Parameter Primary Secondary
Overflow Rate, gpd/sq ft 600-1,000 500-700
Detention Time, min 90-150 90-150
Minimum Side Water Depth, ft 8 10

Source: ASCE/WEF, Design of Municipal Wastewater Treatment Plants, 1991.

Therearethreefacilitiesthat use corrugated plate interceptor technology. These systemsinclude
aseries of small (approximately 2 inch square) inclined tubes in the clarification settling zone. The
suspended matter must only travel ashort distance, when settling or floating, before they reach a surface
of thetube. At thetubes surface, the suspended matter further coagulates. Because of the enhanced
remova mechanism, corrugated plate interceptor units can have much smaller settling chambers than

standard clarifiers.

6.1.1.5 Chemical Precipitation

Chemicd precipitation is used for the removal of metal compounds from wastewater. In the

chemical precipitation process, soluble metallic ions and certain anions, which are found in CHWC
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wastewaters, are converted to insoluble forms, which precipitate from the solution. Most metals are
relaivey insoluble as hydroxides, sulfides, or carbonates. Coagulation processes are used in conjunction
withprecipitationin order tofacilitateremova by agglomeration of suspended and colloidal materias. The
preci pitated metal saresubsequently removed fromthewastewater streamby liquidfiltrationor clarification
(or some other form of gravity assisted sedimentation). Other trestment processes such as equaization,
chemicd oxidation or reduction (e.g., hexava ent chromium reduction), precedethe chemica precipitation
process. The performance of the chemical precipitation process is affected by chemical interactions,
temperature, pH, solubility of waste contaminants, and mixing effects. There are atotal of 7 chemical
precipitation systemsin use by the CHWC facilities to treat CHWC wastewater.

Commonpreci pitationchemica susedinthe CHWC Industry includelime, sodium hydroxide, soda
ash, sodiumsulfide, and dum. Other chemicalsused inthe preci pitation processfor pH adjustment and/or
coagul ationinclude sulfuric and phosphoric acid, ferric chloride, and polyeectrolytes. Many facilitiesuse,
or have the meansto use, acombination of thesechemicals. Precipitation using sodium hydroxide or lime
is the conventional method of removing metals from wastewater. However, sulfide precipitation is also
frequently used instead of hydroxide precipitation in order to remove certain metal ions. Hydroxide
precipitationis effective in removing such metals as antimony, arsenic, chromium, copper, lead, mercury,
nickel, and zinc. Sulfide precipitation is more appropriate for removing mercury, lead, and silver.
Carbonate preci pitation, while not frequently used in the CHWC Industry, is another method of chemical
preci pitationandisused primarily toremoveantimony andlead. Alum, another preci pitant/coagul ant agent
infrequently used, formsal uminumhydroxidesinwastewatersconta ningca ciumor magnes umbicarbonate
dkdinity. Aluminum hydroxideisaninsolublegeatinousflocwhich settlessowly and entraps suspended
materids. For metas such as arsenic and cadmium, coprecipitation with iron or duminum is an effective
treatment process.

Hydroxide precipitation using lime or sodium hydroxide is the most commonly used means of
chemicd precipitationinthe CHWC industry, and of these, limeisused more often than sodium hydroxide.
The chief advantage of lime over caudticisitslower cost. However, lime is more difficult to handle and

feed, asit must be daked, durried, and mixed, and can plug thefeed system lines. Limeprecipitation so



producesalarger volumeof dudge. Thereactionmechanismfor precipitation of adivadent metd usnglime

is shown below:

M** + Ca(OH), 6 M(OH), + Ca™*

The reaction mechanism for precipitation of adivaent meta using sodium hydroxideisasfollows:

M** + 2NaOH 6 M(OH), + 2Na"*

Inadditiontothetypeof trestment chemical chosen, another important designfactor inthechemical
precipitation operation is pH. Metal hydroxides are amphoteric, meaning that they can react chemicaly
asacidsor bases. Assuch, their solubilitiesincrease toward both lower and higher pH levels. Therefore,
thereisan optimum pH for precipitation for each metal, which corresponds to its point of minimum
solubility. Figure 6-4 presents caculated solubilities of metal hydroxides. Another key consideration in
achemical precipitation gpplication isthe detention timein the sedimentation phase of the process, which
is specific to the wastewater being treated and the desired effluent quality.

Thefirst step of achemical precipitation processis pH adjustment and the addition of coagulants
This process usudly takes place in separate mixing and flocculation tanks. After mixing the wastewater
withtreatment chemicalss, the resultant mixtureisalowed to agglomerate inthe flocculation tank which is
dowly mixed by either mechanica means, such asmixers, or recirculation pumping. Thewastewater then
undergoes aseparation/dewatering processsuch asclarification or filtration, wheretheprecipitated metals
areremoved from solution. In aclarification system, aflocculent, such asapolymer, is sometimes added
to aid in the settling process. The resulting sludge from the clarifier or filter must be further treated,
disposed, or recycled. A typical chemica precipitation system is shown in Figure 6-5.
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6.1.1.6 Stripping

Stripping refersto the removal of pollutant compounds from awastewater by the passage of arr,
steam, or other gas, through the liquid. The stripped volatile components are generally condensed and
recovered for reuse, disposal, or allowed to be stripped into the atmosphere. If the pollutants arein
sufficiently low concentrations, the gaseous phase can be emitted through a stack without treatment.

Air gripping isaprocessin which air isbrought into contact with the liquid. During this contact,
the volatile compounds move from the liquid to the gas stream. The process usually takes placein a
gripping tower (as shown in Figure 6-6) which congsts of avertica shdll filled with packing materia to
increasethesurfaceareafor gas-liquid contact. Usualy, theliquidflowsdownthroughthestripping column
and air passes upward in acounter-current fashion. Another orientation is called "crossflow", where the
air is pulled through the sides of the tower along its entire length.

Thereisonly one CHWC facility that uses air stripping as a treatment option for the removal of

excess treatment chemicals contained in its flue gas quench wastewater.

6.1.1.7 Filtration

Filtrationisamethod for separating solid particles from wastewaters through the use of a porous
medium. Thedrivingforceinfiltrationisapressuregradient, caused by gravity, centrifuga force, vacuum,
or higher than atmospheric pressure. Filtration treatment processes can be used at CHWC facilities to
remove solidsfrom wastewaters after achemical precipitation treatment step, or can used asthe primary
source of treatment. Filtration processes include a broad range of media and membrane separation
technologiesfrom sand filtration to ultrefiltration. Toadinremovd, thefilter medium may be precoated
with afiltration aid such as ground cellulose or diatomaceous earth.

CHWC facilities currently have thefollowing types of filtration systemsin operation to tregt their
CHWC wastewaters:
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Type of Filtration System Number of Units

Sand 2
Granular Multimedia 1
Fabric 1
Ultrafiltration 1

Dissolved compounds in CHWC wastewaters can be pretreated by chemical precipitation
processesto convert thecompound to an insoluble solid particle beforefiltration. Polymerscan beinjected
into the filter feed piping downstream of feed pumps to enhance flocculation of smaller flocs that may
escape an upstream clarifier.

The following paragraphs describe each type of filtration system.

6.1.1.7.1 Sand/Multimedia Filtration

Granular bedfiltrationinthe CHWCindustry isused primarily for achieving supplementa removal
of resdual suspended solids from the effluent of chemica trestment processes, or rardly, as the primary
form of wastewater treatment. Thesefilters can be operated either by gravity or in apressurevessd. In
granular bed filtration, the wastewater stream is sent through a bed containing one or more layers of
different granular materids. The solids are retained in the voids between the media particles while the
wastewater passesthroughthebed. Typica mediausedingranular bedfiltersinclude anthracitecod, sand,
and garnet. These media can be used aone, such asin sand filtration, or in a multimedia combination.
Multimediafilters are designed such that the individual layers of mediaremain fairly discrete. Thisis
accomplished by selecting appropriate filter loading rates, mediagrain size, and bed density. Hydraulic
loading rates for amultimediafilter are between 4 to 10 gpm/sq ft. A typicad multimediafilter vessel is
shown in Figure 6-7.

The complete filtration processinvolves two phases: filtration and backwashing. Asthe filter
becomesfilled with trapped solids, the efficiency of thefiltration processfdls off. Head lossisameasure
of solidstrapped in thefilter. Asthe head |oss across the filter bed increasesto alimiting value, the end
of thefilter runis reached and the filter must be backwashed to remove the suspended solidsin the bed.
During backwashing, the flow through the filter isreversed so that the solids trapped in the media are
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didodged and can exit thefilter. The bed may aso be agitated with air to aid in solids removal. The
backwash water is then recycled back into the wastewater feed stream.

6.1.1.7.2 Fabric Filters

Fabricfilterscons st of avessdl that containsacl oth or paper barrier through which thewastewater
must pass. The suspended matter is screened by the fabric, and the effectiveness of thefilter depends on
the mesh size of the fabric. Fabric filters may either be backwashed, or built as disposable units.

For watershaving lessthan 10 mg/l suspended solids, cartridgefabric filters may be cost effective.
Cartridgefiltershavevery low capita cost and can remove particlesof onemicronor largerinsize. Usng
two-stage cartridge filters (coarse and fine) in series extends the life of the fine cartridge. Disposable or
backwashable bag filters are d so available and may be quite cost effective for certain applications.
Typically, these fabric filters act as a pre-filter and are used to remove suspended solids prior to other

filtrations systems in order to protect membranes and equipment and reduce solids fouling.

6.1.1.7.3 Ultrafiltration

Ultrafiltration uses a semi-permeable, microporous membrane, through which the wastewater is
passed under pressure. Water and low molecular weight solutes, such as salts and surfactants, pass
through the membrane and are removed as permeate. Emulsified oils and suspended solids are rgjected
by the membrane and removed with some of the wastewater as a concentrated liquid. The concentrate
isrecirculated through the membrane unit until the flow of permeate drops, while the permeate can either
be discharged or passed aong to another trestment unit. The concentrate is usudly stored and held for
further treetment or disposal. Severa typesof ultrafiltrationmembranesconfigurationsareavail able: tubular,
spiral wound, hollow fiber, and plateand frame. A typical ultrafiltration systemispresentedin Figure 6-8.

Ultrafiltrationinthe CHWC industry isused for thetrestment of metal-bearing wastewaters. It can
remove substances with molecular weights greater than 500, including suspended solids, oil and grease,
and complexed heavy metds. Ultrefiltration is used when the solute molecules are greater than ten times

the size of the solvent molecules, and are less than one-hadf micron. The primary design consderationin
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ultrafiltration is the membrane selection. A membrane pore size is chosen based on the size of the
contaminant particlestargeted for removal. Other design parameters to be considered are the solids

concentration, viscosity, and temperature of thefeed stream, and the membrane permegbility and thickness.

6.1.1.8 Carbon Adsorption

Granular activated carbon (GAC) adsorptionisaphysica separation processinwhichorganic and
inorganic materias are removed from wastewater by adsorption, attraction, and/or accumulation of the
compounds on the surface of the carbon granules. While the primary remova mechanism is adsorption,
the activated carbon aso acts asafilter for additiona pollutant remova. Adsorption capacitiesof 0.5 to
10 percent by weight are typical. Spent carbon can be regenerated thermally on site by processes such
aswet-air oxidation or steam stripping. For smaller operations, spent carbon can be regenerated off Ste
or sentdirectly for disposal. Vendorsof carbontypically, under contract, exchange spent carbon withfresh
carbon.

Activated carbon systemsusually consst of avessal containing abed of carbon (typically 4 to 12
feet in depth), whereby the wastewater is either passed upflow or downflow through the filter bed. A
carbon adsorption vessd is shown in Figure 6-9. Carbon vessds are typically operated under pressure,
however, some designs use gravity beds. For smdler applications, GAC systems are dso availablein
canigter systemswhich can bereadily changed-out and sent for either off-siteregeneration or disposa. The
key design parameter istheadsorption capacity of the GAC, whichisameasure of themassof contaminant
adsorbed per unit mass of carbon, and isafunction of the chemical compounds being removed, type of
carbon used, and process and operating conditions. The volume of carbon required is based upon the
COD of thewastewater to betreated and desired frequency of carbon change-outs. Thevessd istypically
designed for an empty bed contact time of 15 to 60 minutes. Non-polar, high molecular weight organics
with low solubility are readily adsorbed using GAC. Certain organic compounds have a competitive
advantage for adsorption onto the GAC, which results in compounds being preferentially adsorbed or

causing other less competitive compoundsto bedesorbed from the GAC. Most organic compoundsand
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some metastypicaly found in CHWC wastewaters are effectively removed usng GAC. Two CHWC
facilities employ GAC for treatment of CHWC wastewaters.

6.1.1.9 Chromium Reduction

Chemicd reduction processesinvolve achemical reaction in which eectronsare transferred from
one chemicd to another in order to reduce the chemica state of acontaminant. The main application of
chemical reduction in CHWC wastewater treatment is the reduction of hexavaent chromium to trivalent
chromium. The reduction enablesthetrivaent chromium to be precipitated from solution in conjunction
with other metallic salts. Sodium bisulfate is the reducing agent used by one CHWC facility that
incorporates reduction technology for treatment of its CHWC wastewater.

Once the chromium has been reduced to the trivalent State, it can be further treated in achemical
precipitation process, whereit isremoved asametd hydroxide or sulfide. A typica chromium reduction

processis shown in Figure 6-10.

6.1.2 Sludge Handling

Sludgesaregenerated by anumber of trestment technol ogies, including gravity-ass sted separation
and filtration. These dudgesare further processed at CHWC facilities using various methods. Following

are the number of CHWC facilities which employ each type of sudge handling process.

Type of Sudge Handling Number of Units
Sludge Slurrying
Vacuum Filtration
Pressure Filtration
Centrifuge

Dryer

B ROk

The following paragraphs describe each type of dudge handling system.
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6.1.2.1 Sludge Slurrying

Sudgedurryingistheprocessof trangporting d udgefrom onetreatment processto another. Itcan
only be gpplied to liquid dudges that can be pumped through a pipe under pressure. Only one CHWC

facility utilizes a dudge durry process.

6.1.2.2 Vacuum Filtration

A typical vacuum filtration unit is shown in Figure 6-11. Vacuum filtration provides more
aggressive dudge drying by placing the dudge on a screen or mesh and drawing a vacuum through the
screen, which draws the liquid out of the dudge. Often the screenis oriented on a cylindrical support,
which rotates. The dudgeis distributed over the cylinder asit rotates. Asthe screen rotates, the dried
dudgeisremoved with a scraper, and collected in a hopper placed below thefiltration unit. These units
can dry dudgesto approximately 30 to 50 percent solids. Only one CHWC facility utilizes vacuum
filtration for dudge dewatering.

6.1.2.3 Pressure Filtration

The plate and frame pressure filtration system is the most common process used by the CHWC
industry to dewater dudgesfrom physica/chemica trestment processes. Six CHWC facilitiesuse aplate
and frame pressure filtration system to dewater dudge. Sludges generated by CHWC wastewater
treatment processes aretypicaly 2to 5 percent solids by weight. These dudges are then dewatered to a
30 to 50 percent solids by weight using a plate and frame filter. Sludges from trestment systems can be
thickened by gravity or stabilized prior to dewatering, or may be processed directly with the plate and
frame pressure filtration unit.

A pressurefilter conssts of aseries of screens (see Figure 6-12) upon which the dudgeis applied
under pressure. A precoat material may be applied to the screensto aid in solidsremova. The applied
pressureforcestheliquid through the screen, leaving the solids to accumulate behind the screen. Filtrate

which passesthrough the screen mediaistypically recirculated back to the head of the on-site wastewater
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treatment plant. Screens (also referred to as plates) are held by frames placed side by side and held
together with a vice-type mechanism. The unit processes dudge until dl of the plates arefilled with dry
dudge asindicated by a marked rise in the gpplication pressure. Afterwards, the vice holding the plates
isloosened and the frames separated. Dried dudge is manudly scraped from the plates and collected in
ahopper for find disposa. The size of thefilter and the number of plates utilized depends not only on the
amount of solids produced by trestment processes, but dso ishighly dependent on the desired operationdl
requirementsfor thefilter (e.g., shiftsper day). A plate and frame pressurefilter can produceadudgewith
ahigher solids content than most other methods of dudge dewatering. Pressurefilters offer operational

flexibility since they are typically operated in a batch mode.

6.1.2.4 Centrifuges

Centrifuges use centripeta force to separate the liquid from the dudge solids. The dudge enters
the top of arapidly spinning cylinder where the solids are "thrown™ to the outer wall of the vessel. The
separated solids are continualy removed through an orifice on the outer wall, and the liquid stream is
collected at the bottom.

Becausetheunitisspinning rapidly, and dudge often contains abras ve materids, centrifuges often
requireahighleve of maintenance. Centrifugestypicaly dry dudgesto therange of 20to 30 percent solids
by weight. One CHWC facility utilizes a centrifuge for udge dewatering.

6.1.2.5 Dryer

One CHWCfacilityemploysadudgedryer toremovethemoisturefromitsdudgeprior todisposa
of the solid waste. The dudge dryer usesthermal energy derived from steam or eectricity to evaporate
the moisture from the sludge in a drying bed/tank.
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6.1.3 Zero Discharge Options

Some CHWC facilities use treatment and disposal practicesthat result in no discharge of CHWC

wastewaters to surface waters. These practices are described below.

6.1.3.1 I ncineration

Two CHWC facilities generate annua flow rates of 108,100 gallons and 300,000 gallons and
dispose of their CHWC wastewater exclusively by incinerating them on site. Normaly, these wastewater
flowsareminima compared to theamount of fuel and/or wastethetherma unit handles, and assuch, these
CHWC facilitiesfind it cheaper to dispose of their wastewaters in this fashion rather than utilizing other
disposal methods.

6.1.3.2 Off-Site Disposal

Three CHWC facilities transport their wastewater off site to either another CHWC facility’s
wastewater trestment system or to a Centralized Wastewater Treatment (CWT) facility for ultimate
disposd. Thesethreefacilitiesgenerateannua flow ratesof 18,250 gallons, 10,000 gallons, and 43 million
gdlons. A fourthfacility with an annud flow rate of 4.865 million gallonssellstheir wastewater asoil well

completion fluid.

6.1.3.3 Evaporation/Land Applied

One CHWC facility with an annua flow rate of approximately 100 million galons dischargesits
CHWC wastewater into on-site surface impoundments as a means of ultimate disposal. Thereisno

discharge to a receiving water from these impoundments. Rather, water islost by evaporation.
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6.2 TREATMENT OPTIONSFOR OTHER WASTEWATERS GENERATED BY
CHWC OPERATIONS

CHWC facilities employ the same two trestment options (physical/chemical treatment or zero
discharge) to treat other wastewaters generated as a result of CHWC operations (see Section 4). Most
of the sametreatment technol ogiesare used to treat these secondary wastewatersasare being used to treat
CHWC wastewaters. The EPA's Section 308 Questionnaire obtained information on eight different
technologiescurrently inuseby 37 CHWCfacilitiesfor thetreatment of variouswashdown waters, run-off
fromCHWC areas, and |aboratory wastewater. A breakdown of these trestment systemsis shown bel ow:

Treatment Technology Number of CHWC Facilities
Equalization

Neutralization

Flocculation

Gravity Assisted Separation
Chemical Precipitation

Air Stripping

Carbon Adsorption
Chemical Oxidation
Sludge Handling

~

O N O 01N 01 0

Each of the above treatment technol ogies, with the exception of chemica oxidation, has been previoudy
describedin Section 6.1. Asfor CHWC wastewaters, the design and operation of these treatment systems
totreat other wastewatersgenerated by CHWC operationsarethe same. Sincethe amount of wastewater
generated by other CHWC operationsis minima as compared to CHWC wastewater flow rates, these
amdl flowsaretypicaly mixed with CHWC wastewatersfor trestment in the physical/chemicd treatment
sysem. Below isadescription of the only new treatment technology listed above that was not described

in the previous section: chemical oxidation.

6.2.1 Chemical Oxidation

Chemical oxidation treatment processes may be used to remove ammonia, to reduce the

concentration of resdua organics, and to reduce the bacterid and vira content of wastewaters. CHWC
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facilities that use chemical oxidation processes use them for the treatment of other out-of-scope
wastewaters generated at these facilities, such aslandfill leachate, storm water, groundwater, or sanitary
wastewater. Both chlorine and ozone can be used to destroy someresidua organicsin wastewater. When
these chemicas are used for this purpose, disinfection of the wastewater is usualy an added benefit. A
further benefit of usng ozoneistheremova of color. Ozonecan aso be combined with hydrogen peroxide
for removing organiccompoundsin contaminated wastewater. Oxidationisa so usedto convert pollutants
to termina end products or to intermediate products that are more readily biodegradable or more readily
removed by adsorption. There aretwo CHWC facilitiesthat use chemical oxidation units as part of their
treatment process to treat secondary CHWC wastewaters.

Chemica oxidationisachemicd reaction processin which one or more electrons are transferred
fromthe chemical being oxidized to the chemicd initiating thetransfer (the oxidizing agent). Theeectron
acceptor may beanother e ement, including an oxygenmolecule, or it may beachemical speciescontaining
oxygen, such as hydrogen peroxide and chlorine dioxide or some other €l ectron acceptor. This process
is aso effective in destroying cyanide and toxic organic compounds. Figure 6-13 illustrates one such
chemica oxidation process. According to the Section 308 Questionnaire data, CHWC facilities use
chemica oxidation processesto treat organic pollutants and as a disinfectant. When treating organic
wastes, these processes use oxidizing chemicals, such as hydrogen peroxide, or ozone. Asadisnfection
process, an oxidant (usudly chlorine) isadded to the wastewater in the form of either chlorine dioxide or
sodium hypochlorite. Other disinfectant chemicas include ozone, peroxide, and calcium hypochlorite.
Oncetheoxidant ismixed withthewastewater, sufficient detentiontimeisalowed (usudly 30 minutes) for

the disinfecting reactions to occur.

6.2.2 Zero Discharge Options

Other CHWC facilities use trestment and disposal practices that result in no discharge of their
secondary CHWC wastewaters to surface waters. A breakdown of the zero discharge options for

secondary CHWC wastewaters at CHWC facilitiesis as follows:
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Zero Discharge Option Number of CHWC Facilities

Incineration 2
Off-Site Disposal 5
Evaporated/Land Applied 1
Recycled 2
Deep Well Disposal 2

Mogt of the above zero discharge options, with the exception of deep well disposa, have been
described previoudy in Section 6.1.3. Below isadescription of the only new zero discharge option listed

above that was not described in the previous section; deep well disposal.

6.2.2.1 Deep Well Disposal

Deep wdll disposal consists of pumping the wastewater into adisposal well which dischargesthe
liquid into a deep aquifer. These aquifers do not typically contain potable water and commonly are
brackish. These aguifers are thoroughly characterized to insure that they are not hydrogeologically
connected to an aquifer which is or has the potential to be used for potable water. Characterization
confirms the existence of impervious layers of rock above and below the aquifer in order to prevent the

migration of pollutants.

6.3 OTHER ON-SITE WASTEWATER TREATMENT TECHNOLOGIES

Thereareother treatment technol ogiesused by CHWC facilitiestotregt other on-sitewastewaters
(leachates, sanitary wastewater). Somefacilitiesmay useone or moreof thetechnol ogies described above
for the treatment of these wastewaters. Four CHWC facilities use someform of biologica treatment as
the preferred method of treatment of |eachates and other organic wastewaters. Thebiological treatment
technologies used at these CHWC facilities are listed below:

Treatment Technology Number of Facilities
Activated Sludge 1
Trickling Filter 1
PAC System (Powdered Activated Carbon) 2
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6.4 TREATMENT PERFORMANCE AND DEVELOPMENT OF REGULATORY
OPTION

This section presents an eva uation of performance data on treatment systems collected both by
EPA duringfield sampling programsand by industry generated data(provided tothe Agency post-proposa

and used to revise limitations), aswell asthe rationae used in the devel opment of the regulatory option.

6.4.1 Performance of EPA Sampled Treatment Processes

To collect dataon potential BAT treatment technol ogies, Questionnaire responseswerereviewed
to identify candidate facilities that had well operated and designed wastewater treatment systems. EPA
conducted gteviststo 13 CHWC facilitiesto eva uate treatment systems;, based on these Sitevidts, three
facilitieswere selected for afive consecutive day sampling episode (Episode | D #54646, 4671, and 4733).
At these facilities, EPA collected data on a variety of physical and chemical treatment processes.
Technologies evaluated at the selected sampling facilities include hydroxide precipitation, sulfide
preci pitation, sedimentation, carbon adsorption, sand filtration and ultrafiltration. Table 6-1 presents a
summary of the trestment technol ogies sampled during each EPA sampling episode. Summaries of the
treatment system performance datacollected by EPA during eachof these sampling episodesare presented
below.

6.4.1.1 Treatment Performance for Episode #4646

EPA performed afive-day sampling program, Episode#4646. Thisfacility wasevauated by EPA
in order to obtain performance data on severa treatment technologiesingtaled at this facility including
hydroxide precipitation, ferric chloride precipitation, and sand filtration. A flow diagram of the CHWC
wastewater treatment systemsampled during Episode# 4646 is presented in Figure6-14. Thewastewater
treatment system used at this CHWC facility treats wastewater from the air pollution control system

(quench chamber run-down and packed tower wastewater) and the ionizing wet scrubber. The
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Table 6-1. Description of CHWC Sampling Episodes

I nfluent Effluent
Episode | SamplePoint | Sample Point Description

4646 1+2 4 First-stage chemical precipitation using sodium hydroxide

4 5 Second-stage chemical precipitation using ferric chloride

5 6 Sand filtration

1+2 6 Overall treatment system- first-stage chemical precipitation, second-stage chemical precipitation, and sand filter

4671 1 2 First-stage chemical precipitation using sodium hydroxide

2 3 Second-stage chemical precipitation using sodium hydroxide and ultrafiltration

1 3 Overall treatment system- first-stage chemical precipitation,second-stage chemical precipitation, and ultrafiltration
4733 1 2 Sulfide precipitation and Lancy filters

2 4 Carbon adsorption system

1 4 Overall treatment system- sulfide precipitation, Lancy filters and carbon adsorption system
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Figure 6-14. EPA Sampling Episode 4646 - CHWC Wastewater Treatment System Block Flow Diagram with Sampling L ocations
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wastewater treatment system is comprised of two separate systems both of which were sampled by EPA.
The primary systemispart of the primary water circulation loopthat servestheincinerator and cons sts of
chromium reduction and hydroxide precipitation treatment followed by sedimentation. Only the
precipitation portion of the primary system was sampled by EPA. Blowdown from the primary loop is
treated in the secondary system. Treatment in the secondary loop congsts of precipitation using ferric
chloridefollowed by sedimentation and sand filtration. Table 6-2 presentsasummary of percent removal
datacollected at Episode #4646 for the performance of the entire treatment system, both the primary and
secondary system, as well asthe primary system, secondary system, and sand filter separately. Percent
remova efficiencies for the processes were caculated by first obtaining an average concentration based
upon the daily sampling results for each sample collection location (influent and effluent point to the
treatment process). Next, the percent remova efficiency of the system was cal culated using the following

eguation:

Percent Removal = [Concentration Influent - Concentration Effluent] x100
Concentration Influent

Negative percent removalsfor atreatment processwere reported on the table as“0.0" percent removals.

Thetreatment efficiency of theprimary systemwasassessed using the dataobtained from sampling
points01, 02, and 04 (see Figure 6-14). Influent concentration data was obtained using aflow-weighted
average for sample points 01 and 02. Effluent from the primary treatment system was represented by
sample point 04. Asdemondrated on Table 6-2, the primary treatment system experienced good overal
removasfor TSS(90.9 percent). COD wasremoved at 70.9 percent, whereas, no remova was observed
for TDS. Many of themeta sobservedin theinfluent wereremovedto highleves, theseincludea uminum,
cadmium, chromium, copper, iron, lead, tin, titanium, and zinc. Other metals dso with limited removals
include manganese (66.5 percent), mercury (63.9 percent), silver (40.3 percent), and strontium (19.7
percent). Poor removal efficiencies were observed in the primary system for antimony, arsenic, boron,

molybdenum, and selenium.
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Table 6-2. Treatment Technology Performance for Episode 4646

First-Stage Chemical Precipitation

Second-Stage Chemical Precipitation

Sample Points 1+2to 4 Sample Points4to 5
CAS Influent Effluent % Influent Effluent %
Pollutant of Concern # DL SP Conc. (ug/l) SP | Conc. (ug/l) | Removal DL SP Conc. SP Conc. (ug/l) | Removal
(ugll)
Conventional
TSS C-009 | 4,000 01+02 122,560 04 11,200 90.9 |4,000 04 11,200 05 13,400 0.0
Non-Conventional
COD C-004 | 5,000 01+02 535,920 04 156,200 70.9 |5,000 04 156,200 05 238,800 0.0
TDS C-010 01+02 | 30,694,160 04 |50,320,000 0.0 04 50,320,000 05 | 36,910,000 26.6
Metals
Aluminum 7429905 | 200 01+02 1,104 04 170 84.6 | 200 04 170 05 197 0.0
Antimony 7440360 20.0 | 01+02 672 04 1,026 0.0 20.0 04 1,026 05 381 62.9
Arsenic 7440382 10.0 | 01+02 475 04 494 0.0 10.0 04 494 05 8.8 98.2
Boron 7440428 | 100 01+02 1,280 04 1,744 0.0 | 100 04 1,744 05 1,705 2.2
Cadmium 7440439 50 | 01+02 929 04 174 81.2 5.0 04 174 05 47.2 729
Chromium 7440473 10.0 | 01+02 220 04 534 75.8 10.0 04 534 05 ND 81.3
Copper 7440508 25.0 | 01+02 5,228 04 321 93.9 25.0 04 321 05 18.8 94.2
Iron 7439896 | 100 01+02 7,066 04 254 96.4 | 100 04 254 05 1,994 0.0
Lead 7439921 50.0 | 01+02 4,691 04 117 97.5 50.0 04 117 05 47.7 59.1
Manganese 7439965 15.0 | 01+02 228 04 76.6 66.5 15.0 04 76.6 05 517 0.0
Mercury 7439976 0.2 | 01+02 59.2 04 214 63.9 0.2 04 214 05 2.6 87.7
Molybdenum 7439987 10.0 | 01+02 936 04 1,137 0.0 10.0 04 1,137 05 578 49.1
Selenium 7782492 5.0 | 01+02 240 04 263 0.0 5.0 04 263 05 49.6 81.1
Silver 7440224 10.0 | 01+02 283 04 169 40.3 10.0 04 169 05 9.5 94.4
Strontium 7440246 | 100 01+02 408 04 328 19.7 | 100 04 328 05 689 0.0
Tin 7440315 30.0 | 01+02 1,882 04 45.9 97.6 30.0 04 45.9 05 33.0 28.2
Titanium 7440326 5.0 | 01+02 2,116 04 32.9 98.4 5.0 04 32.9 05 39 88.2
Zinc 7440666 20.0 | 01+02 9,456 04 209 97.8 20.0 04 209 05 121 2.2
Pesticides/Herbicides
Dichloroprop 120365 1.0 | 01+02 31 04 NS NS 1.0 04 NS 05 NS NS
MCPP 7085190 50.0 | 01+02 1,027 04 NS NS 50.0 04 NS 05 NS NS

Negative percent removal are recorded as 0.0

NS: Not Sampled
ND: Non-Detect

DL: Specific detection limits of sample when there is a non-detect, otherwise it is the method detection limit

SP:  Sample Point



Table 6-2. Treatment Technology Performance for Episode 4646 (continued)

LE-9

Sand Filtration Entire Treatment System
Sample Points5to 6 Sample Points 1+2 to 6
CAS Influent Effluent % Influent Effluent %
Pollutant of Concern # DL SP Conc. SP Conc. Removal DL SP Conc. (ugll) SP Conc. (ug/l) | Removal
(ug/l) (ug/l)
Conventional
TSS C-009 | 4,000 05 13,400 06 5,500 59.0 |4,000 01+02 122,560 06 5,500 95.5
Non-Conventional
COD C-004 | 5,000 05 | 238,800 06 |257,900 0.0 |5,000 01+02 535,920 06 257,900 51.9
TDS C-010 05 | 36,910,000 06 | 38,150,000 0.0 01+02 |30,694,160 06 |38,150,000 0.0
Metals
Aluminum 7429905 | 200 05 197 06 160 18.4 | 200 01+02 1,104 06 160 85.5
Antimony 7440360 | 20.0 05 381 06 346 9.3 20.0 01+02 672 06 346 485
Arsenic 7440382 10.0 05 8.8 06 8.1 8.1 10.0 01+02 475 06 8.1 98.3
Boron 7440428 | 100 05 1,705 06 1,731 0.0 | 100 01+02 1,280 06 1,731 0.0
Cadmium 7440439 5.0 05 47.2 06 19.9 57.7 5.0 01+02 929 06 19.9 97.9
Chromium 7440473 10.0 05 ND 06 ND 0.0 10.0 01+02 220 06 ND 95.5°
Copper 7440508 | 25.0 05 18.8 06 101 46.1 25.0 01+02 5,228 06 101 99.8
Iron 7439896 | 100 05 1,994 06 128 93.6 | 100 01+02 7,066 06 128 98.2
Lead 7439921 | 46.8 05 47.7 06 ND 18 46.8 01+02 4,691 06 ND 99.0
Manganese 7439965 15.0 05 517 06 545 0.0 15.0 01+02 228 06 545 0.0
Mercury 7439976 20 05 2.6 06 ND 24.2 2.0 01+02 59.2 06 ND 96.6
Molybdenum 7439987 10.0 05 578 06 580 0.0 10.0 01+02 936 06 580 38.0
Selenium 7782492 5.0 05 49.6 06 26.0 475 5.0 01+02 240 06 26.0 89.1
Silver 7440224 5.0 05 9.5 06 ND 47.3 5.0 01+02 283 06 ND 98.2
Strontium 7440246 | 100 05 689 06 674 21 | 100 01+02 408 06 674 0.0
Tin 7440315| 30.0 05 33.0 06 315 45 30.0 01+02 1,882 06 315 98.3
Titanium 7440326 5.0 05 3.9 06 6.8 0.0 5.0 01+02 2,116 06 6.8 99.7
Zinc 7440666 | 20.0 05 121 06 24.2 80.0 20.0 01+02 9,456 06 24.2 99.7
Pesticides/Herbicides
Dichloroprop 120365 1.0 05 NS 06 ND NS 1.0 01+02 31 06 ND 67.3
MCPP 7085190 ] 50.0 05 NS 06 1,482 NS 50.0 01+02 1,027 06 1,482 0.0

Negative percent removal are recorded as 0.0

NS: Not Sampled
ND: Non-Detect

DL: Specific detection limits of sample when there is a non-detect, otherwise it is the method detection limit

SP:  Sample Point



The trestment efficiency of the secondary system was assessed using the data obtained from
sampling points 04 and 05 (see Figure 6-14).  Influent concentration data to the secondary system was
obtained usng sampling point 04 which is dso the effluent from the primary system. Effluent from the
secondary treatment system was represented by sample point 05. As demonstrated in Table 6-2, the
secondary treatment system experienced no additional removalsfor TSS or COD. Asinthe primary
system, no removal was observed for TDS. For those metds for which there wasllittle or no removal in
the primary system, improved removals were generally observed in the second system. These metals
includeantimony (62.9 percent), arsenic (98.2 percent), selenium (81.1 percent), and slver (94.4 percent).
Other metals for which adequate removals were observed in the primary system also experienced
additional removalsin the secondary system. The data show the following removals. cadmium (72.9
percent), chromium (81.3 percent), copper (94.2 percent), mercury (87.7 percent), and titanium (88.2
percent).

The trestment efficiency of the sand filter was eva uated using the data obtained from sampling
points05 and 06 (seeFigure6-14). Influent concentration datawas obtained usingsample point 05 which
representsthe discharge from the secondary treatment system. Effluent from the sand filter aswell asthe
overal effluent from thetreatment processwasrepresented by samplepoint 06. Asdemonstrated in Table
6-2, the trestment system achieved aremova rate for TSS of 59.0 percent. No removas were observed
for COD or TDS. Additional metas were removed by the sand filter including cadmium, copper, iron,
selenium, slver, and zinc. Limited additional removals were dso observed for duminum and mercury.

Thetreatment efficiency of the entiretreatment system was eva uated using the dataobtained from
sampling points 01, 02, and 06 (see Figure 6-14).  Influent concentration data was obtained using aflow-
weighted average for sample points 01 and 02. Effluent from the treatment system was represented by
sample point 06. Asdemondrated in Table 6-2, the treatment system achieved good overal remova for
TSS (95.5 percent). COD wasremoved a 51.9 percent, whereas, no remova was observed for TDS.
Many of the metals observedin theinfluent were removed to levels exceeding 95 percent. Theseinclude
arsenic, cadmium, chromium, copper,iron, lead, mercury, silver, tin, titanium, and zinc. Other metalsalso

with high removalsinclude duminum (85.5 percent) and selenium (89.1 percent). Overdl| poor removal
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efficiencies were observed for antimony (48.5 percent) and molybdenum (38.0 percent). No removals
were observed for the treatment system for boron, manganese, and strontium. Dichloroprop, a pesticide
parameter, was detected in the influent in low levels and was not detected in the effluent. MCPP did not

experience any removal through the treatment system.

6.4.1.2 Treatment Performance for Episode #4671

EPA performed afive-day sampling program, Episode#4671. Thisfacility wasevauated by EPA
in order to obtain performance data on various treatment units which are in operation at this facility,
including acombination sulfideand hydroxidepreci pitation process, conventiona hydroxide precipitation,
and ultrefiltration. A flow diagram of the CHWC wastewater treatment system sampled during Episode
#4671 s presented in Figure 6-15. The wastewater trestment system used at this CHWC fecility treats
wastewater from the air pollution control system. The air pollution control system consists of aquench
tank, packed tower, and a venturi scrubber. The wastewater treatment system is comprised of two
Separate systems both of which were sampled by EPA. The primary system is part of the primary water
circulationloop that servestheincinerator. Treatment processesfor the primary system consistsof sulfide
preci pitation usingferroussulfatefol lowed by hydroxidepreci pitation using sodium hydroxideandlimeand
then followed by sedimentation. Thefacility treats the discharge from the primary [oop in the secondary
sysem. Treatment in the secondary loop consists of hydroxide precipitation using sodium hydroxide
followed by sedimentation and ultrafiltration. Table 6-3 presents a summary of percent removal data
collected at Episode #4671 for the performance of the entire treatment system, both the primary and
secondary system, and for the primary system only.

The trestment efficiency of the primary treatment system was evauated using the data obtained
fromsampling points01 and 02 (see Figure 6-15). Influent concentration datafor the primary syssemwas
obtained using sample point 01. Effluent from the primary treatment system was represented by sample
point 02. Asdemonstrated on Table 6-3, the primary treatment system remova rate for TSSwas 70.6
percent. COD wasremoved at 12.3 percent, whereas, TDS was removed at 7.8 percent. Metals with
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Table 6-3. Treatment Technology Performance for Episode 4671

First-Stage Chemical Precipitation
Sample Points1to 2

Second-Stage Chemical Precipitation
Sample Points2t0 3

CAS Influent Effluent % Influent Effluent %

Pollutant of Concern # DL SP | Conc. (ug/l) SP Conc. Removal DL SP Conc. SP Conc. Removal
(ug/l) (ug/l) (ug/l)

Conventional
TSS C-009 | 4,000 01 241,100 02 70,900 70.6 4,000 02 70,900 03 | 13,800 80.5
Non-Conventional
COD C-004 | 5,000 01 259,400 02 |227,600 12.3 5,000 02 227,600 03 | 154,800 32.0
TDS C-010 01 | 7,481,000 02 ]6,896,000 7.8 02 6,896,000 03 |6,560,000 4.9
Metals
Aluminum 7429905 | 200 01 1,575 02 266 83.1 6.5 02 266 03 ND 97.6
Antimony 7440360 | 20.0 01 110 02 107 25 20.0 02 107 03 94.2 12.2
Arsenic 7440382 | 10.0 01 19.2 02 19.9 0.0 10.0 02 19.9 03 25.6 0.0
Boron 7440428 | 100 01 1,723 02 1,219 29.2 100 02 1,219 03 1,069 12.3
Cadmium 7440439 5.0 01 4.2 02 24 431 5.0 02 24 03 0.4 83.6
Chromium 7440473 | 10.0 01 124 02 32 97.4 10.0 02 32 03 1.0 67.7
Copper 7440508 | 25.0 01 121 02 338 72.0 25.0 02 338 03 18.8 44.4
Iron 7439896 | 100 01 1,217 02 79.8 93.4 100 02 79.8 03 50.1 37.1
Lead 7439921 | 50.0 01 149 02 14.3 90.4 15 02 14.3 03 ND 89.5
Manganese 7439965 | 15.0 01 107 02 74.3 30.5 15.0 02 74.3 03 23 96.9
Mercury 7439976 0.2 01 0.7 02 0.4 33.8 0.2 02 0.4 03 ND 54.5
Molybdenum 7439987 | 10.0 01 69.7 02 66.6 45 10.0 02 66.6 03 59.5 10.6
Selenium 7782492 9.7 01 ND 02 14.0 0.0 115 02 14.0 03 ND 17.6
Silver 7440224 | 10.0 01 57 02 9.1 0.0 10.0 02 9.1 03 20 7.7
Strontium 7440246 | 100 01 1,382 02 1,582 0.0 100 02 1,582 03 1,315 16.8
Tin 7440315 | 30.0 01 495 02 39.0 21.2 28.3 02 39.0 03 ND 274
Titanium 7440326 | 10.0 01 206 02 ND 95.1 10.0 02 ND 03 ND 0.0
Zinc 7440666 | 20.0 01 1,598 02 813 49.1 20.0 02 813 03 239 70.7
Pesticides/Herbicides
Dichloroprop 120365 1.0 01 ND 02 NS NS 1.0 02 NS 03 ND NS
MCPP 7085190 | 50.0 01 ND 02 NS NS 50.0 02 NS 03 ND NS

Negative percent removal are recorded as 0.0

NS: Not Sampled
ND: Non-Detect

DL: Specific detection limits of sample when there is a non-detect, otherwise it is the method detection limit

SP:  Sample Point
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Table 6-3. Treatment Technology Performance for Episode 4671 (continued)

Entire Treatment System
Sample Points1to0 3

CAS Influent Effluent %
Pollutant of I nterest # DL SP Conc. (ug/l) SP Conc. (ugll) Removal
Conventional
TSS C-009 | 4,000 01 241,100 03 13,800 94.3
Non-Conventional
COD C-004 | 5,000 01 259,400 03 154,800 40.3
TDS C-010 01 7,481,000 03 6,560,000 12.3
Metals
Aluminum 7429905 6.5 01 1,575 03 ND 99.6
Antimony 7440360 | 20.0 01 110 03 94.2 14.4
Arsenic 7440382 | 10.0 01 19.2 03 25.6 0.0
Boron 7440428 | 100 01 1,723 03 1,069 37.9
Cadmium 7440439 5.0 01 4.2 03 0.4 90.7
Chromium 7440473 | 10.0 01 124 03 1.0 99.2
Copper 7440508 | 25.0 01 121 03 18.8 84.5
Iron 7439896 | 100 01 1,217 03 50.1 95.9
Lead 7439921 15 01 149 03 ND 99.0
Manganese 7439965 | 15.0 01 107 03 23 97.8
Mercury 7439976 0.2 01 0.7 03 ND 69.9
Molybdenum 7439987 | 10.0 01 69.7 03 59.5 14.6
Selenium 7782492 9.7 01 ND 03 ND 0.0

/11.5

Silver 7440224 | 10.0 01 57 03 2.0 64.1
Strontium 7440246 | 100 01 1,382 03 1,315 4.8
Tin 7440315 | 28.3 01 495 03 ND 428
Titanium 7440326 | 10.0 01 206 03 ND 95.1
Zinc 7440666 | 20.0 01 1,598 03 239 85.1
Pesticides/Herbicides
Dichloroprop 120365 1.0 01 ND 03 ND 0.0
MCPP 7085190 | 50.0 01 ND 03 ND 0.0

Negative percent removal are recorded as 0.0

NS: Not Sampled
ND: Non-Detect

DL: Specific detection limits of sample when there is a non-detect, otherwise it is the method detection limit

SP:  Sample Point



high removd ratesin the primary system include: duminum (83.1 percent), chromium (97.4 percent),
copper (72.0 percent), iron (93.4 percent), lead (90.4 percent), and titanium (95.1 percent). The system
achieved limited removalsfor other metals through the primary system. These include boron, cadmium,
manganese, mercury, tin, and zinc.

Poor to no removals were observed for antimony, arsenic, molybdenum, silver, and strontium.
However, influent concentrations to the primary treatment system for some metal's, such as arsenic,
cadmium, silver, and zinc, werelow or not detected. Therefore, the influent concentrations for these
parameters are close to the treatability levels using chemica precipitation, making it difficult to achieve
additiona removalsfor these pollutants. For example, cadmium was found in the influent and effluent of
the primary trestment system at concentrations of 4.2 ug/l and 2.4 ug/l, respectively. Thisresulted in a
percent remova of only 43.1 percent. Therefore, the low percent removad efficiency isafunction of the
low influent concentration (near treatability levels) and not indicative of poor performance.

Thetreatment efficiency of the secondary treatment system was eva uated using the data.obtained
from sampling points 02 and 03 (see Figure 6-15). Influent concentration data to the secondary system
was obtained using sample point 02, which is the effluent from the primary system. Effluent from the
secondary treatment system was represented by sample point 03.  As demonstrated on Table 6-3, the
secondary treatment system removal rate for TSSwas 80.5 percent. COD wasremoved at 32.0 percent,
whereas, TDSwasremoved at 4.9 percent. Metalswith high removal rates or removed to non-detectable
levelsin the secondary system include; a uminum, cadmium, chromium, lead, manganese, mercury, Slver,
tin, and zinc. Limited additional removals were observed for copper and iron. Poor removals were
observed in the secondary system for antimony, boron, molybdenum, and strontium.

The trestment efficiency of the entire treatment system, both primary and secondary treatment
gystems, were evaluated using the data obtained from sampling points 01 and 03 (see Figure 6-15).
Influent concentration datawas obtained using sample point 01. Effluent from the entire treatment system
wasrepresented by samplepoint 03. Asdemonstrated on Table 6-3, thetreatment system achieved good
overal removals for TSS (94.3 percent). COD was removed at 40.3 percent, whereas, TDS was
removedat 12.3 percent. Selenium, dichloroprop, and MCPPwerenot detected in theinfluent or effluent.
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Many of the metals observed in the influent were removed to levels exceeding 95 percent removad; these
include auminum, chromium, iron, lead, manganese, and titanium. Other metals alsowith high removals
or removed to non-detectable levelsinclude cadmium (90.7 percent), copper (84.5 percent), mercury
(69.9 percent), slver (64.1 percent), and tin (42.8 percent). Poor remova efficiencies were observed for
theentiretreatment systemfor antimony (14.4 percent), boron (37.9 percent), molybdenum (14.6 percent),
and strontium (4.8 percent). Arsenic was observed at below treatable levels throughout the system.

6.4.1.3 Treatment Performance for Episode #4733

EPA performed afive-day sampling program, Episode#4733. Thisfacility wasevauated by EPA
in order to obtain performance data on various treatment units which are in operation at this facility,
including sulfide precipitation, Lancy filtration, and carbon adsorption. A flow diagram of the CHWC
wastewater treatment systemsampled during Episode# 4733 ispresented in Figure6-16. Thewastewater
treatment system used at this CHWC facility treatswastewater from theair pollution control syslem. The
ar pallution control system consists of aquench tank and awet scrubber. Table 6-4 presents asummary
of percent remova data collected at Episode #4733 for the performance of the sulfide precipitation and
Lancy filtration process, carbon adsorption system, and the entire treatment system.

Thetreatment efficiency of thesulfideprecipitationand L ancy filtration sysemwaseva uated usng
the data obtained from sampling points 01 and 02 (see Figure 6-16). Influent concentration datato the
primary system was obtained using sample point 01. Effluent from the first-stage trestment system was
represented by samplepoint 02. Asdemonstrated on Table 6-4, thefirst-stage trestment system had non-
detectable levelsin the influent for TSS, duminum, cadmium, lead, molybdenum, silver, strontium, and
MCPP. Other parameters were observed in the influent at levels near to or below treatable levels, such
asantimony, arsenic, and copper. COD wasremoved at 11.8 percent, whereas, no removal was observed
for TDS. Metaswith high remova ratesin thefirst-stage system include; chromium (84.4 percent), iron
(85.3 percent), manganese (86.3 percent), mercury (94.0 percent), and zinc(92.2 percent). Titaniumwas
removed to non-detectablelevel sinthefirst-stage system. Thetreatment system achieved limited removal
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Figure 6-16. EPA Sampling Episode 4733 - CHWC Wastewater Treatment System Block Flow Diagram with Sampling L ocations
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Table 6-4. Treatment Technology Performance for Episode 4733

First-Stage Lancy Filter

Carbon Adsorption System

Sample Points 1to 2 Sample Points2to 4
CAS Influent Effluent % Influent Effluent %
Pollutant of Concern # DL SP | Conc. (ug/l) | SP | Conc. (ug/l) | Removal DL SP | Conc. (ug/l) SP Conc. (ug/l) | Removal
Conventional
TSS C-009 | 4,000 01 ND 02 ND 0.0 |4,000 | 02 ND 04 ND 0.0
Non-Conventional
COD C-004 | 5,000 01 234,100 02 206,600 11.8 |[5,000 | 02 206,600 04 192,300 6.9
TDS C-010 01 272,400 02 | 2,206,000 0.0 02 | 2,206,000 04 2,899,000 0.0
Metals
Aluminum 7429905 13.6 01 ND 02 ND 0.0 | 136 02 ND 04 ND 0.0
Antimony 7440360 20.0 01 228 | 02 24.6 0.0 |200 02 24.6 04 26.4 0.0
Arsenic 7440382 10.0 01 53 | 02 4.9 83 | 10.0 02 4.9 04 41 15.4
Boron 7440428 100 01 1,811 02 1,846 0.0 |100 02 1,846 04 2,381 0.0
Cadmium 7440439 35 01 ND 02 ND 0.0 35 02 ND 04 ND 0.0
Chromium 7440473 5.8 01 371 | 02 ND 84.4 5.8 02 ND 04 ND 0.0
Copper 7440508 25.0 01 109 | 02 9.5 125 | 25.0 02 9.5 04 74 221
Iron 7439896 100 01 430 02 63.4 85.3 24 02 63.4 04 ND 96.2
Lead 7439921 21 01 ND 02 ND 0.0 2.1 02 ND 04 ND 0.0
/1.8
Manganese 7439965 12 01 88 | 02 ND 86.3 12 02 ND 04 13 0.0
Mercury 7439976 0.2 01 33 | 02 ND 94.0 0.2 02 ND 04 0.4 0.0
Molybdenum 7439987 4.6 01 ND 02 ND 0.0 4.6 02 ND 04 7.1 0.0
Selenium 7782492 5.0 01 59.1 | 02 43.9 25.6 5.0 02 43.9 04 56.5 0.0
Silver 7440224 7.8 01 ND 02 8.1 0.0 7.8 02 8.1 04 8.1 0.0
Strontium 7440246 100 01 ND 02 ND 0.0 |100 02 ND 04 ND 0.0
186.7
Tin 7440315 30.0 01 659 | 02 145 0.0 ]300 02 145 04 48.6 66.4
Titanium 7440326 5.0 01 114 | 02 ND 56.3 5.0 02 ND 04 ND 0.0
Zinc 7440666 20.0 01 102 02 7.9 92.2 2.4 02 7.9 04 ND 69.8
Pesticides/Herbicides
Dichloroprop 120365 1.0 01 189 | 02 NS NS 1.0 02 NS 04 ND NS
MCPP 7085190 50.0 01 ND 02 NS NS 50.0 02 NS 04 ND NS

Negative percent removal are recorded as 0.0

NS: Not Sampled
ND: Non-Detect

DL: Specific detection limits of sample when there is a non-detect, otherwise it is the method detection limit

SP:  Sample Point
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Table 6-4. Treatment Technology Performance for Episode 4733 (continued)

Entire Treatment System
Sample Points1to 4

CAS Influent Effluent %
Pollutant of Concern # DL SP Conc. (ug/l) SP Conc. (ug/l) Removal
Conventional
TSS C-009 | 4,000 01 ND 04 ND 0.0
Non-Conventional
COD C-004 | 5,000 01 234,100 04 192,300 17.9
TDS C-010 01 272,400 04 2,899,000 0.0
Metals
Aluminum 7429905 | 13.6 01 ND 04 ND 0.0
Antimony 7440360 | 20.0 01 22.8 04 26.4 0.0
Arsenic 7440382 | 10.0 01 53 04 4.1 225
Boron 7440428 | 100 01 1,811 04 2,381 0.0
Cadmium 7440439 35 01 ND 04 ND 0.0
Chromium 7440473 5.8 01 37.1 04 ND 84.4
Copper 7440508 | 25.0 01 10.9 04 7.4 318
Iron 7439896 24 01 430 04 ND 99.4
Lead 7439921 21 01 ND 04 ND 0.0
/1.8
Manganese 7439965 | 15.0 01 8.8 04 13 85.2
Mercury 7439976 0.2 01 33 04 04 88.6
Molybdenum 7439987 4.6 01 ND 04 71 0.0
Selenium 7782492 5.0 01 59.1 04 56.5 4.4
Silver 7440224 7.8 01 ND 04 8.1 0.0
Strontium 7440246 | 100 01 ND 04 ND 0.0
186.7
Tin 7440315 | 30.0 01 65.9 04 48.6 26.2
Titanium 7440326 5.0 01 114 04 ND 56.3
Zinc 7440666 2.4 01 102 04 ND 97.7
Pesticides/Herbicides
Dichloroprop 120365 1.0 01 18.9 04 ND 94.7
MCPP 7085190 50 | 01 ND 04 ND 0.0

Negative percent removal are recorded as 0.0

NS: Not Sampled
ND: Non-Detect

DL: Specific detection limits of sample when there is a non-detect, otherwise it is the method detection limit

SP:  Sample Point



of selenium through thefirst-stage primary system (25.6 percent). Poor to no removalswere observed for
boron and tin.

The trestment efficiency of the carbon adsorption system was eva uated using the data obtained
from sampling points 02 and 04 (see Figure 6-16). Influent concentration data to the carbon adsorption
systemwasobta ned using samplepoint 02, whichisa so the effluent from thefirst-stage treatment system.
Effluent from the carbon adsorption system was represented by sample point 04 which isa so the effluent
point for the entire treatment system.  As demonstrated on Table 6-4, the carbon adsorption system had
non-detectable levelsin the influent for the same parameters asin the first-stage system, plus the metals
wereremoved to non-detectable level sin the firg-stage system, such as chromium, manganese, mercury,
andtitanium. Additiona remova swere observed for iron (96.2 percent), tin (66.4 percent), and zinc (69.8
percent). No removalsin the carbon adsorption system were observed for boron and selenium. Asinthe
first-stagesystem, antimony, arsenic, and copper areat concentrationsintheinfluent below treatablelevels.

Thetreatment efficiency of theentiretreatment system, including thefirst-stagesulfideprecipitation,
Lancy filtration, and carbon adsorption, were evauated using the data obtained from sampling points 01
and 04 (see Figure 6-16). Influent concentration datawas obtained using sample point O1. Effluent from
the entire treatment system was represented by sample point 04. As demonstrated on Table 6-4, the
treatment system achieved a COD remova of 17.9 percent, wheresas, thereisno removad for TDS. For
the overdl trestment system, the metals with high removal rates include chromium, iron, manganese,
mercury, titanium, and zinc. Poor removalswere observed for selenium and tin. Other metalswere only
detected at concentrations at or near treatable levels. Dichlorprop was removed to non-detectable levels
at 94.7 percent. MCPP was not detected in the influent or effluent from the treatment system.

6.4.2 Rationale Used for Selection of BAT Treatment Technologies

Thissectionpresentstherationa eusedinsel ecting thetreatment technol ogiesusedintheregul atory
option. Treatment technologies used at Episode # 4733 were not considered for further evaluation, Snce
influent concentrations for many parameters were low and performance data for the treatment systems

could not adequately be ascertained. Therefore, the technologies utilized at Episodes # 4646 and # 4671
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werefurther evaluated in order to select the most gppropriate technologies to be used asthe basisfor the
BAT options. Thebassof thisevauation condsts of acomparative analysis of the performance data for
the BAT treatment technol ogies based upon EPA sampling data.

Table 6-5 presents a summary of the percent removal data collected at EPA sampling Episodes
# 4646 and # 4671 for the primary chemical precipitation systems. As demongtrated on thistable, both
chemicd precipitation systems achieved smilar remova sfor many of thesamemeta parameters. Although
the loadings for some metal parameters were lower for Episode # 4671 which resulted in lower percent
removals, theoveral concentrationsfor someof the pollutantsweretreated to Similar concentration levels
asthosefor Episode # 4646. For instance, the percent remova for manganese at Episode # 4671 was
only 33.8 percent, however the effluent concentration of 74.3 ug/l was comparable to that at Episode #
4646 of 76.6 ug/l during which a66.5 percent remova was achieved. Metaswhich experienced good
overdl remova sinboth chemica preci pitation treatment systemsinclude al uminum, cadmium, chromium,
copper, iron, lead, manganese, mercury, tin, titanium, and zinc. Nether system was effective in tregting
antimony, arsenic, boron, selenium, silver, and strontium. Episode # 4646 had higher removasfor TSS
(90.9 percent) and COD (70.9 percent).

Next, an evauation of the secondary precipitation process plusfiltration for both facilities was
performed. Table 6-6 presents asummary of the percent removal data collected at EPA for sampling
Episodes # 4646 and # 4671 for the secondary precipitation process and sand filter or ultrafiltration
process, respectively. Asdemonstrated onthistable, either processresulted inlow effluent concentrations
for many of the metd parameters such as cadmium, chromium, copper, iron, lead, mercury, and zinc.
However, the most sgnificant difference between the two systemsis the removal of antimony (66.3
percent), arsenic (98.4 percent), and selenium (90.1 percent) inthe secondary system for Episode # 4646.
Episode # 4671, which employs a secondary treatment system conssting of hydroxide precipitation and
ultrafiltration, did not achieve significant removals for antimony, arsenic, or selenium.

Overd| both fecilitiesachieved smilar remova sand/or trested to the same degreefor many of the
meta parameterswhich arereadily removed by chemica precipitation using sodium hydroxide, including

but not limited to cadmium, chromium, copper, iron, lead, mercury, and zinc. Both facilitiesutilized atwo
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Table 6-5. Primary Chemical Precipitation Treatment Technology Performance Comparison

Episode #4646 Fir st-Stage Chemical Precipitation

Episode #4671 Fir st-Stage Chemical Precipitation

Sample Points 1+2to 4 Sample Points1t0 2

CAS Influent Effluent % Influent Effluent %
Pollutant of Concern # DL SP Conc. (ug/l) | SP | Conc. (ug/l) | Removal DL SP | Conc. (ug/l) SP Conc. (ug/l) | Removal
Conventional
TSS C-009 | 4,000 01+02 122,560 04 11,200 90.9 |4,000 01 241,100 02 70,900 70.6
Non-Conventional
COD C-004 | 5,000 01+02 535,920 04 156,200 70.9 |5,000 01 259,400 02 227,600 12.3
TDS C-010 01+02 30,694,160 04 | 50,320,000 0.0 01 | 7,481,000 02 6,896,000 7.8
Metals
Aluminum 7429905 | 200 01+02 1,104 04 170 84.6 | 200 01 1,575 02 266 83.1
Antimony 7440360 | 20.0 01+02 672 04 1,026 0.0 200 | 01 110 02 107 25
Arsenic 7440382 10.0 01+02 475 04 494 0.0 100 | 01 19.2 02 19.9 0.0
Boron 7440428 | 100 01+02 1,280 04 1,744 0.0 | 100 01 1,723 02 1,219 29.2
Cadmium 7440439 5.0 01+02 929 04 174 81.2 50 | 01 4.2 02 24 431
Chromium 7440473 10.0 01+02 220 04 53.4 75.8 100 | 01 124 02 3.2 97.4
Copper 7440508 | 25.0 01+02 5,228 04 321 93.9 250 | 01 121 02 33.8 72.0
Iron 7439896 | 100 01+02 7,066 04 254 96.4 | 100 01 1,217 02 79.8 934
Lead 7439921 | 50.0 01+02 4,691 04 117 975 500 | 01 149 02 14.3 90.4
Manganese 7439965 15.0 01+02 228 04 76.6 66.5 150 | 01 107 02 74.3 30.5
Mercury 7439976 0.2 01+02 59.2 04 214 63.9 02 |01 0.7 02 0.4 33.8
Molybdenum 7439987 | 10.0 01+02 936 04 1,137 0.0 100 | 01 69.7 02 66.6 45
Selenium 7782492 5.0 01+02 240 04 263 0.0 97 |01 ND 02 14.0 0.0
Silver 7440224 10.0 01+02 283 04 169 40.3 100 | 01 5.7 02 9.1 0.0
Strontium 7440246 | 100 01+02 408 04 328 19.7 | 100 01 1,382 02 1,582 0.0
Tin 7440315 30.0 01+02 1,882 04 45.9 97.6 300 | 01 49.5 02 39.0 21.2
Titanium 7440326 5.0 01+02 2,116 04 32.9 98.4 100 | 01 206 02 ND 95.1
Zinc 7440666 | 20.0 01+02 9,456 04 209 97.8 200 | 01 1,598 02 813 49.1
Pesticides/Herbicides
Dichloroprop 120365 1.0 01+02 31 04 NS NS 1.0 01 ND 02 NS NS
MCPP 7085190 | 50.0 01+02 1,027 04 NS NS 50.0 01 ND 02 NS NS

Negative percent removal are recorded as 0.0

NS: Not Sampled
ND: Non-Detect

DL: Specific detection limits of sample when there is a non-detect, otherwise it is the method detection limit

SP:  Sample Point
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Table 6-6. Secondary Chemical Precipitation and Filtration Treatment Technology Performance Comparison

Episode #4646 Second-Stage Chemical Precipitation &
Sand Filtration
Sample Points4to 6

Episode #4671 Second-Stage Chemical Precipitation &
Ultrafiltration
Sample Points2to 3

CAS Influent Effluent % Influent Effluent %
Pollutant of Concern # DL SP | Conc.(ug/l) | SP | Conc. (ug/l) | Removal DL SP | Conc. (ug/l) | SP | Conc. (ug/l) | Removal
Conventional
TSS C-009 | 4,000 04 11,200 05 5,500 50.9 4,000 02 70,900 03 13,800 80.5
Non-Conventional
COD C-004 | 5,000 04 156,200 05 257,900 0.0 |[5,000 02 227,600 03 | 154,800 32.0
TDS C-010 04 | 50,320,000 05 ] 38,150,000 24.2 02 | 6,896,000 03 |6,560,000 4.9
Metals
Aluminum 7429905 | 200 04 170 05 160 5.9 6.5 | 02 266 03 ND 97.6
Antimony 7440360 | 20.0 04 1,026 05 346 66.3 20.0 | 02 107 03 94.2 12.2
Arsenic 7440382 | 10.0 04 494 05 8.1 98.4 100 | 02 199 03 25.6 0.0
Boron 7440428 | 100 04 1,744 05 1,731 0.7 | 100 02 1,219 03 1,069 12.3
Cadmium 7440439 5.0 04 174 05 19.9 88.6 50 | 02 24 03 0.4 83.6
Chromium 7440473 | 10.0 04 534 | 05 ND 81.3 100 | 02 32 03 1.0 67.7
Copper 7440508 | 25.0 04 321 05 101 96.9 25.0 | 02 33.8 03 18.8 44.4
Iron 7439896 | 100 04 254 05 128 49.6 | 100 02 79.8 03 50.1 37.1
Lead 7439921 | 50.0 04 117 05 ND 57.3 15 | 02 14.3 03 ND 89.5
Manganese 7439965 | 15.0 04 76.6 | 05 545 0.0 150 | 02 74.3 03 2.3 96.9
Mercury 7439976 0.2 04 214 | 05 ND 99.1 02 | 02 0.4 03 ND 545
Molybdenum 7439987 | 10.0 04 1,137 05 580 49.0 100 | 02 66.6 03 59.5 10.6
Selenium 7782492 5.0 04 263 05 26.0 90.1 115 | 02 14.0 03 ND 17.6
Silver 7440224 | 10.0 04 169 05 ND 94.1 100 | 02 9.1 03 2.0 7.7
Strontium 7440246 | 100 04 328 05 674 0.0 | 100 02 1,582 03 1,315 16.8
Tin 7440315 | 30.0 04 459 | 05 315 314 283 | 02 39.0 03 ND 27.4
Titanium 7440326 5.0 04 329 | 05 6.8 79.3 100 | 02 ND 03 ND 0.0
Zinc 7440666 | 20.0 04 209 05 24.2 88.4 20.0 | 02 813 03 239 70.7
Pesticides/Herbicides
Dichloroprop 120365 1.0 04 NS 05 ND NS 10 | 02 NS 03 ND NS
MCPP 7085190 | 50.0 04 NS 05 1,482 NS 50.0 | 02 NS 03 ND NS

Negative percent removal are recorded as 0.0

NS: Not Sampled
ND: Non-Detect

DL: Specific detection limits of sample when there is a non-detect, otherwise it is the method detection limit

SP:  Sample Point



tiered gpproach inthe design of their treatment system using sometype of achemica precipitation process
to providetreatment. Primary trestment system designs are comparable at both facilitiesand aredesigned
to removesmilar pollutants. Both primary treatment systems aredesigned to remove those meta'swhich
readily precipitate out of solution at a high pH range using a sodium hydroxide precipitation treatment
process. Based upon EPA sampling data, this trestment process was determined not to be very effective
in tresting antimony, arsenic, boron, selenium, silver, and strontium. The treatment system at Episode #
4671 uses a secondary treatment system targeted to achieve additional removasfor the same parameters
whichrecaveinitia removasinthe primary sysem. Chemicd precipitation by hydroxide precipitationis
once again utilized with ultrafiltration as a polishing step in the secondary system. The design of this
treatment systemisprimarily dueto thecharacteristicsof thewastewater at thisfacility, aswell asafunction
of the discharge limitationsin their NPDES permit. During the sampling episode, the facility for Episode
#4671 waspermitted for antimony (2,000 ug/l daily maximum) and for arsenic (100 ug/l daily maximum).
However, neither of these two parameters were observed in the influent at levels above their respective
discharge limitation in EPA’s sampling episode. Therefore, the design and operation of the treatment
system at Episode # 4671 is not driven by the removals of parameters such as antimony or arsenic, but
rather by other metalswhich are removed by hydroxide precipitation such asaduminum. Conversdly, the
fecility for Episode # 4646 is designed to remove those metasin the secondary treatment process which
are not readily removed by hydroxide precipitation. At the time of the sampling episode, this facility’s
NPDES permit contained discharge limitations for antimony (600 ug/l daily maximum), arsenic (100 ug/|
daily maximum), selenium (200 ug/l daily maximum), and silver (100 ug/l daily maximum). Each of these
parameterswere observed in theinfluent to the treatment system at concentrations above their respective
dischargelimitation. Therefore, the wastewater treatment system used at Episode# 4646 isdesigned and
operated with a secondary treatment system consisting of chemical precipitation at alow pH range
facilitated by ferric chlorideand multimediafiltration amed at removing these additiond metd parameters
which are not removed by hydroxide precipitation in the primary treatment system.

Basad upon the results of the above comparative analysis of chemica precipitation and filtration
processesused at CHW Cfacilitiessampled by EPA, theregulatory option utilizesunit treatment processes
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such asthose found at Episode # 4646. Performance data from this facility indicates that a primary
chemicd precipitation system utilizing a sodium hydroxide precipitation process can readily achieve high
removasfor many meta parameters. A secondary system consisting of chemica precipitation using ferric
chloride and sand filtration can effectively remove additiond metals not readily removed by hydroxide
preci pitation, such asantimony, arsenic, and selenium, aswel | asachievehigh additiona removasfor other
metaswhich are removed by hydroxide precipitation. Therefore, the combining of these treatment
processes resultsin a highly effective trestment operation which can readily accommodate the pollutants
of concern for the CHWC industry.

6.4.3 Performance at Facilities Added Post-Proposal

Following proposa of the CHWC rule, the Agency decided to revise its effluent limitations by
including the data gathered by industry at two new CHWC facilities. Both facilities conducted sampling
events usng anaytical methods agreed upon by EPA at its five-day sampling episodes, and analyzed
influent and effluent samplesfor regulated pollutants. Both facilities employed a two-stage chemical
preci pitationtrestment system. Examplesof treatment technol ogiesfound include hydroxide precipitation
and ferric chloride precipitation, as illustrated in Table 6-7. Summaries of the treatment system
performance datacollected are presented below. Performancedatafor Episodes# 6181 and # 6183 were
evaluated to determineif theeffluent datacoul d beincluded in the cal culation of effluent limitationsfor the
CHWC industry (See Section 8 for limitations). Flow diagrams of the CHWC wastewater treatment
systemsfound at Episodes# 6181 and # 6183 are presented in Figure 6-17 and Figure 6-18, respectively.

6.4.3.1 Treatment Performance for Episode #6181

The wastewater trestment system used at this CHWC facility treats water from the air pollution
control syssem. Thewastewater treatment system iscomprised of two separate systems. aprimary system

that ispart of theprimary water circulation loop that servestheincinerator and conssts of lime/hydroxide
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Table 6-7. Description of CHWC Sampling Episodes

Episode I nfluent Effluent Description
P Sample Point | Sample Point
Overal treatment system- equalization, first-stage
6181 1 2 chemical precipitation, second-stage precipitation,
neutralization
Overadl treatment system- equalization, first-stage
6183 1 2 chemical precipitation, pressure filtration, second-

stage precipitation, sand filtration, bag filtration
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Figure 6-17. EPA Sampling Episode 6181 - CHWC Wastewater Treatment System Block Flow Diagram with Sampling L ocations
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Figure 6-18. EPA Sampling Episode 6183 - CHWC Wastewater Treatment System Block Flow Diagram with Sampling L ocations
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preci pitationtreatment followed by sedimentation, and asecondary system that treats the blowdown from
the primary system andiscomprised of preci pitation using ferric chloridefoll owed by sedimentation. Table
6-8 presentsasummary of percent remova dataat Episode# 6181, measuring the treatment performance
of the entire system, both the primary and secondary systems.

The trestment efficiency of the entire treatment system, both primary and secondary treatment
systems, waseval uated usi ng the dataobtai ned from sampling points01 and 02 (see Figure 6-17). Influent
concentration data was obtained usng sample point 01. Effluent from the entire treatment system was
represented by sample point 02. As demonsirated on Table 6-8, the treatment system achieved good
overdl removasfor TSS(94 percent). Many of the meta sobserved intheinfluent wereremovedto levels
exceeding 95 percent, these include aluminum, copper, iron, lead, titanium, and zinc. Other metals also
with high removasinclude cadmium (94.4 percent), mercury (93.4 percent), silver (63 percent), arsenic
(60 percent), chromium (56.4 percent), and tin (52.3 percent). Poor removal efficiencies were observed

for antimony, molybdenum, and selenium.

6.4.3.2 Treatment Performance for Episode #6183

The wastewater trestment system used at this CHWC facility treats water from the air pollution
control system. The wastewater treatment system is comprised of atwo-stage hydroxide and ferric
chloride precipitation treatment followed by sedimentation and sand filtration. Table 6-9 presents a
summary of percent remova dataat Episode# 6183, measuring the treatment performance of the entire
system, both the primary and secondary systems.

The trestment efficiency of the entire treatment system, both primary and secondary treatment
systems, waseva uated using thedataobtai ned from sampling points 01 and 02 (see Figure 6-18). Influent
concentration data was obtained usng sample point 01. Effluent from the entire treatment system was
represented by sample point 02. As demonstrated on Table 6-9, the treatment system achieved fairly
good overdl removasfor TSS (84 percent). Many of the metals observed in the influent were removed

to levelsat or exceeding 95 percent, these include a uminum, arsenic, cadmium, chromium, copper, iron,
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Table6-8. Treatment Technology Performance for Episode 6181

Entire Treatment System

Sample Points 1to 2

CAS Influent Effluent %
Pollutant of Concern # unit DL SP conc. SP conc. Removal
Conventional
TSS C-009| mg/l 4 01 78.8 02 4,77 93.95
Metals
Aluminum 7429905 | ug/l 100 01 5,810 02 100 98.28
Antimony 7440360  ug/l 60 01 919 02 1,020 0.0
Arsenic 7440382 ( ug/l 10 01 129 02 51.6 60.00
Boron 7440428  ug/l 01 02
Cadmium 7440439 | ug/l 5 01 99.6 02 5.54 94.44
Chromium 7440473 ( ug/l 10 01 275 02 12 56.36
Copper 7440508  ug/l 10 01 522 02 129 97.53
Iron 7439896 | ug/l 20 01 2,050 02 25.1 98.78
Lead 7439921 | ug/l 10 01 1,160 02 10.6 99.09
Manganese 7439965 [ ug/l 01 02
Mercury 7439976  ug/l 0.2 01 3.04 02 0.2 93.42
Molybdenum 7439987 | ug/l 50 01 399 02 488 0.0
Selenium 7782492 | ug/l 10 01 70.3 02 86.6 0.0
Silver 7440224 (  ug/l 5 01 16.2 02 6 62.96
Strontium 7440246  ug/l 01 02
Tin 7440315 ug/l 50 01 135 02 64.4 52.30
Titanium 7440326 | ug/l 10 01 204 02 10 95.10
Zinc 7440666 | ug/l 20 01 2,120 02 24.3 98.85
Pesticides/Herbicides
Dichloroprop 120365 | ug/l 01 02
MCPP 7085190 [ ug/l 01 02

Negative percent removal are recorded as 0.0

NS: Not Sampled
ND: Non-Detect

DL: Specific detection limits of sample when there is a non-detect, otherwise it is the method detection limit

SP:  Sample Point
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Table6-9. Treatment Technology Performance for Episode 6183

Entire Treatment System

Sample Points 1to 2

CAS Influent Effluent %
Pollutant of Concern # unit DL SP conc. SP Conc. Removal
Conventional
TSS C-009| mg/l 4 01 315 02 51.7 83.59
Metals
Aluminum 7429905 | ug/l 100 01 |61,500 02 334 99.46
Antimony 7440360  ug/l 60 01 1,710 02 332 80.58
Arsenic 7440382 ( ug/l 10 01 1,210 02 27.8 97.70
Boron 7440428  ug/l 01 02
Cadmium 7440439 | ug/l 5 01 97.7 02 5 94.88
Chromium 7440473 ( ug/l 10 01 2,250 02 10 99.56
Copper 7440508 | ug/l 10 01 1,970 02 10 99.49
Iron 7439896 | ug/l 20 01 |231,000 02 428 99.81
Lead 7439921 | ug/l 10 01 1,600 02 10 99.38
Manganese 7439965 [ ug/l 01 02
Mercury 7439976  ug/l 0.2 01 219 02 0.48 99.78
Molybdenum 7439987 | ug/l 50 01 1,550 02 919 40.71
Selenium 7782492 | ug/l 10 01 113 02 32.6 71.15
Silver 7440224 (  ug/l 5 01 69.8 02 5.54 92.06
Strontium 7440246 ( ug/l 01 02
Tin 7440315 ug/l 50 01 1,330 02 134 89.92
Titanium 7440326 | ug/l 10 01 4,030 02 10 99.75
Zinc 7440666 | ug/l 20 01 8,300 02 62.8 99.24
Pesticides/Herbicides
Dichloroprop 120365 | ug/l 01 02
MCPP 7085190 | ug/l 01 02

Negative percent removal are recorded as 0.0

NS: Not Sampled
ND: Non-Detect

DL: Specific detection limits of sample when there is a non-detect, otherwise it is the method detection limit

SP:  Sample Point



lead, mercury, titanium, and zinc. All other metalsandyzed had highremovals: tin (89.9 percent), antimony
(80.6 percent), selenium (71.2 percent), and molybdenum (40.7 percent).

6.4.3.3 Performance Comparison with Proposed BAT Facility

In order to decide whether it should include the effluent data from Episodes# 6181 and # 6183
initscalculation of thelimitationsand standards, the Agency compared thetreatment performanceat these
two facilitieswith thetreatment performance at Episode# 4646, whose performance wasthe basisfor the
proposed BAT limitations, to determineif thedatagenerated at thetwo facilitieswas of acceptable quality
for limitation calculations (see Section 8).

Table 6-10 presentsasummary of the percent removal datacollected at Episodes# 6181, # 6183,
and # 4646 for their entire treatment systems. As the table demonstrates, al three systems achieved
amilarly high removasfor many of the same metd parameters, especially those meta's readily removed
using hydroxide. All threefacilities utilize atwo-tiered approach in the design of their trestment systems
using some type of two-stage precipitation process to achieve the high levels of removal. Each facility
demonstrateshigh removal s (above 90 percent) for pollutantsthat appear in high concentrationsintheraw
wastewater (often several mg/l).

EPA decided that it should include the effluent data from Episodes # 6181 and # 6183 into its
limitations calculations because both new facilities: 1) employ a two-stage chemical precipitation
wastewater trestment process smilar to the proposed BAT facility, and 2) achieve comparable percent
removals of relatively high concentrated raw wastewater to those achieved at the proposed BAT fecility.
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Table6-10. Treatment Technology Performance Comparison

Entire Treatment System Entire Treatment System Entire Treatment System
Episode #6181 Episode #6183 Episode #4646
Sample Points 1to 2 Sample Points1to 2 Sample Points 1+2 to 6

Pollutant of CAS Inf Eff % Inf Eff % Inf Eff %
Concern # unit | DL [ SP | Conc.| SP | Conc. | Rem | SP | Conc. SP | Conc. Rem SP Conc. | SP [ Conc. | Rem
Conventional

TSS C-009 | mg/l |4 01 ] 788 02 ] 47719395 | 01 | 315 02 | 51.7 | 8359 | 01+02 | 122.56 | 06 55 |955
Metals

Aluminum 7429905 | ug/l 100 | 01 | 5,810 | 02 | 100 98.28 | 01 | 61,500 02 | 334 99.46 | 01+02 | 1,104 06 | 160 85.5
Antimony 7440360 | ug/l | 60 01 | 919 02 |1,020 | 0.0 01 | 1,710 02 | 332 80.58 | 01+02 | 672 06 | 346 485
Arsenic 7440382 | ug/l | 10 01| 129 02 | 51.6 | 60.00 | 01 | 1,210 02 | 278 |97.70 | 01+02 | 475 06 81 ]983
Cadmium 7440439 | ug/l |5 01| 996 02 | 5549444 | 01 97.7 02 5 94.88 | 01+02 | 929 06 | 199 |979
Chromium 7440473 | ug/l | 10 01| 275 02 |12 56.36 | 01 | 2,250 02| 10 99.56 | 01+02 | 220 06 | ND 95.5
Copper 7440508 | ug/l | 10 01 | 522 02 |129 | 9753 | 01 | 1,970 02| 10 99.49 | 01+02 | 5,228 06 | 10.1 | 99.8
Iron 7439896 | ug/l | 20 01 ] 2,050 | 02 | 25.1 |98.78 | 01 | 231,000 | 02 | 428 99.81 | 01+02 | 7,066 06 | 128 98.2
Lead 7439921 | ug/l | 10 01 ] 1,160 | 02 | 10.6 | 99.09 | 01 | 1,600 02| 10 99.38 | 01+02 | 4,691 06 | ND 99.0
Mercury 7439976 | ug/l | 0.2 01 3041 02| 02 [9342] 01| 219 02 0.48 | 99.78 | 01+02 | 59.2 06 | ND 96.6
Molybdenum | 7439987 | ug/l | 50 01 | 399 02 | 488 0.0 01 | 1,550 02 | 919 40.71 | 01+02 | 936 06 | 580 38.0
Selenium 7782492 | ug/l | 10 01| 703 02 | 86.6 0.0 01| 113 02 | 326 | 7115 | 01+02 | 240 06 | 26.0 |89.1
Silver 7440224 | ug/l |5 01| 16.2 021]6 62.96 | 01 69.8 02 5.54 | 92.06 | 01+02 | 283 06 | ND 98.2
Tin 7440315 | ug/l | 50 01| 135 02 | 644 |5230 | 01 | 1,330 02 | 134 89.92 | 01+02 | 1,882 06 | 315 |983
Titanium 7440326 | ug/l | 10 01 | 204 02 |10 95.10 | 01 | 4,030 02 ]| 10 99.75 | 01+02 | 2,116 06 6.8 | 99.7
Zinc 7440666 | ug/l | 20 01 ] 2120 | 02 | 243 ]98.85 | 01 | 8,300 02 | 628 ]99.24 | 01+02 ] 9,456 06 | 24.2 |99.7

Negative percent removal are recorded as 0.0

NS: Not Sampled

ND: Non-Detect

DL: Specific detection limits of sample when there is a non-detect, otherwise it is the method detection limit
SP.  Sample Point
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